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Commentary
Can Animal Pulmonary Function Testing
Provide Dat for Regulatory Decision Making?
by John J. O'Neil* and James A. Raub*
The process ofsetting health standards requiresrigorous, scientifically sound data that
relate to man's interaction with his environment. Tests of pulmonary function are espe-
cially useful, since they may permit some direct comparisons between animals and man.
The development of tests to measure pulmonary function in small animals has been
important, and research into the health effects of air pollution may be greatly strength-
ened with the use ofdata from such measurements.
Information derived from research by using
laboratory animals hastraditionally been used in
support of regulatory decision making and is an
important part ofthe information which needs to
be gathered to define the potential health risks
associated with exposure to environmental pollu-
tants or other potentially toxic compounds. More
direct approaches including the study ofthe acute
responses in man during exposure to inhaled pol-
lutants in environmental chambers and epidemi-
ologic studies which attempt to define associa-
tions between substances in the environment and
human health have provided the most important
information to the regulatory decision makers.
However, these clinical and epidemiological ap-
proaches often leave major areas of uncertainty
which are difficult to address, but which are im-
portant to standards setting. For example, the
nature of research that can be undertaken with
human subjects is limited by ethical consider-
ations such that only those responses which
result from short exposures to low levels of in-
haledpollutants canbe measured in man. Indeed,
before undertaking clinical studies we have to
convince ourselves and the Human Rights Com-
mittees, which are established to protect the
health ofour volunteer subjects, that no harmful
or deleterious consequences are likely to persist
as a result of our research. However, questions
*Clinical Research Branch and Tbxicology Branch, Inhala-
tion Toxicology Division, Health Effects Research Laboratory,
U. S. Environmental Protection Agency, Research Tiangle
Park, NC 27711.
relating to the potential development of chronic
pulmonary disease can and should be asked with
animal research. For this reason, the most useful
aspect of animal research is that studies can be
undertaken with animals which would not be
possible with man. These studies include expo-
sureto well-defined and controlledpollutant envi-
ronments, either at transiently high concentra-
tions or at low concentrations for extended
periods oftime. Studies with compounds or expo-
sure conditions which are expected to produce
chronic changes are of special interest. Research
results derived from such work with laboratory
animals can and should be used to fill data gaps
for regulatory purposes.
Because the respiratory tree is considered the
"portal ofentry" for inhaled air pollutants, stud-
ies on the changes in pulmonary function, bio-
chemistry, morphology, and immunology are of
special interest in environmental toxicology.
Tests ofpulmonary function have been developed
for use with intact small laboratory animals.
Since they are based on the principles that are
usedinhumanpulmonary functiontesting itmay
be possible to compare experimental data from
laboratory animals with similar data in humans.
However, measurements of pulmonary function
in small animals are difficult because signals are
smaller, and, therefore, the measuringequipment
must have adequate sensitivity, and equipment
dead space must be minimized because of the
small volumes being measured. In addition, since
respiratory events occur more rapidly than they
do in humans or large animals, measuring equip-O'NEIL AND RAUB
ment must also be shown to have adequate fre-
quency response. These requirements have occu-
pied the interest and activity of many small
animal physiologists in recent years, and techni-
cal and scientific advancements have occurred
which satisfy most needs for measuring equip-
ment to record very rapid events in the smallest
mammals (1, 2). It is now possible to make mean-
ingful measurements of pulmonary function in
common laboratory animals (3). Such measure-
ments can be accomplished in a humane fashion
and, although commonly done only once, it is
theoretically possible to make measurements in
the same individuals on several different occa-
sions.
A wide selection of pulmonary function tests
can be utilizedto follow the progression ofdisease
processes during the course of animal exposure
and to evaluate the recovery or progression of
disease after the exposure has been terminated.
For example, functional residual capacity and
total lung capacity can be measured by gas dilu-
tion techniques (4), while the Boyle's Law func-
tional residual capacity, vital capacity, and pres-
sure-volume relationships ofthe lungs and chest
wall can be measured plethysmographically (5,
6). Flow-volume relationships can be measured
using rapidly responding flow plethysmographs
(2, 7, 8), and frequency dependence ofcompliance
and resistance and the resonate frequency ofthe
respiratory system canbemeasuredusingoscilla-
tory mechanics (9, 10). Changes in dynamic com-
pliance and airways resistance can be measured
in unanesthetized guinea pigs during exposure to
environmental pollutants using methods origi-
nally described by Amdur and Mead (11). Tech-
niques have been developed to measure the single
breath diffusing capacity for carbon monoxide in
small animals and this is a useful test of gas
exchange (4). The distribution of ventilation can
be measured using the multiple breath nitrogen
washout (12, 13), or the slope ofPhase III and the
onset of phase IV (closing volume) of the single
breath oxygen test (14, 15).
Interpretation of the changes in pulmonary
function of small animals is influenced by our
understanding ofchanges in pulmonary function
ofhumans. Some aspects ofstructure aredifferent
between animals and man; however, the underly-
ing physiology and biochemistry are similar.
That is, while quantitative differences may exist
(e.g., numbers ofcertain airway cell types) there
are qualitative similarities. Changes in lung vol-
ume, diffusing capacity and distribution ofventi-
lation are determinedbystructural constraints in
the lungs such as the architecture of the pulmo-
nary alveolus or capillary bed, while changes in
dynamic tests such as measurement of flow-vol-
ume relationships or airways resistance are influ-
enced by airway mechanics. Since structure and
function appear to be tightly coupled, the func-
tional consequences oflung disease or pulmonary
damage can be readily evaluated with such pul-
monary function tests.
A useful comparison that can be made when
conducting animal research is the direct correla-
tion between the measurement of functional
changes and documentation ofsuch changes ana-
tomically by using rigorous quantitative morpho-
logic techniques on lung tissue. Unlike human
research, individual organ systems canbe studied
in great detail or tissues can be prepared for
histologic and morphologic evaluations. There-
fore, in some studies, one can factor out specific
responses and, consequently, can expect greater
sensitivity anddefinition in animal researchthan
might be possible with man. Such comparisons
between physiology and morphology are espe-
cially useful because ofthe information on struc-
ture-function relationships. For example, in a
clinically related study, Hayatdavoudi et al. (16)
exposedadultratsto 60% oxygencontinuouslyfor
7 days. They observedthatthe total lungcapacity
measured physiologically was reduced by about
15% following the oxygen exposure and that the
deflation limb ofcompliance curves generated on
excised lungs was shifted downwards and to the
left. Subsequent, rigorous morphologic evalua-
tions ofthe fixed lungs from a separate group of
exposed animals revealed interstitial thickening
as well as changes to the endothelial cells. Al-
though oxygen is known to produce pulmonary
damage at high concentrations, supplementary
oxygen is often used at such intermediate concen-
trations to improve blood oxygenation in patients
with various forms of respiratory insufficiency.
The information derived from this study would
probably not have been available from humans
because the variability in lung volumes between
individuals would have masked any evidence ofa
difference in the measurement of pulmonary
function and because no control measurements
would be available under clinical circumstances.
The morphometric study could not have been
undertaken in humans because ofthe limitations
in collecting fixed lung samples. Even if such
samples were available, the investigators would
likely have been unable to factor out effects re-
lated to the exposure to 60% oxygen, since the
disease process which necessitated the oxygen
therapy would probably obscure any changes re-
lated to the oxygen. However, because this study
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was done in experimental animals, itwas possible
to measure changes in pulmonary function and
then to subsequently document with rigorous,
quantitative morphometric techniques, the struc-
tural changes which had occurred.
Another potential research area is the use of
animal models of pulmonary disease which may
represent sensitive populations and the interac-
tion of environmental pollutants with these dis-
ease models. Several reports have been published
on the development of an emphysema model in
hamsters which is produced by the intratracheal
instillation of elastase (17). Raub and his co-
workers have described the progressive changes
in pulmonary function which occur in hamsters
as the severity of the emphysema is increased
with increasing doses of elastase (13). Previous
workers had done range-finding studies and had
established the elastase-induced emphysema
model using concentrations close to the lethal
level. At this level, lung function is almost com-
pletely dominated by the pathology ofthe lesion;
therefore, Raub and his colleagues treated ham-
sters with elastase at concentrations up to those
known to produce massive lesions and observed
that measurements of pulmonary function were
affected in a dose-dependent manner. Using a
dose which was approximately one-fourth ofthat
used by previous workers, an emphysemic lesion
was produced which was detectable but which did
not dominate pulmonary function measurements.
They then used this model to study the potential
interactions that might occur in hamsters which
have mild experimental emphysema and which
are also exposedto environmental pollutants (18).
Groups of treated animals, as well as normal
animals, were exposed to a complex mixture of
pollutant gases. The diffusing capacity and the
nitrogen washout slope in both control animals
andthose with emphysema were affected by expo-
sure tothiscomplex mix. However, inthe animals
with emphysema, the diffusing capacity did not
change as much as it did in the normals. They
postulated that because of the pre-existing dis-
ease, thelungs ofthehamsters withexperimental
emphysema could not compensate for changes
induced by the environmental insult. In other
words, these hamsters, which had chronic emphy-
sema, had a limited capacity to respond to the
challenge of an environmental exposure when
compared to their normal (or sham-treated)
mates. The use ofsuch an animal model mayhave
interestingimplications for man. Will individuals
who have chronic obstructive lung disease also be
less able to respond to the stress of an insult
induced by exposure to an inhaled pollutant?
Such an hypothesis will be difficult to test but
would be very important to the standards setting
process.
Animal research offers several logistic advan-
tages for studies ofthe potential health effects of
exposure to air pollutants: greater statistical
power can be achieved because relatively large
numbers ofanimals can be exposed in inhalation
chambers and subsequently studied in the re-
search laboratory; environments can be carefully
controlled and monitored; research protocols can
be developed which permit direct comparisons in
different exposure groups of the effects produced
by individual pollutants; accurate dose-response
data can be developed; and total body burdens of
pollutants can be measured. Indeed, it is even
possible to devise mathematical models and to
verify them experimentally, in order to predict
deposition and dose of inhaled compounds for
many different species over a wide range of ani-
mal sizes (19,20).
There is an increasing needfor animal research
which determines the pulmonary response to a
large number ofcompounds, including criteria air
pollutants. For example, newborn rat pups raised
in 0.25 ppm ozone for up to 6 weeks had increased
total lung distensibility when measured at high
lung volumes (21). Using matched groups of rat
pups, Barry and her co-workers were able to
describe quantitative changes in the morphology
of the small airways in these developing rats
raised in ozone (22). When a group ofbeagle dogs
was exposed to various components ofautomobile
exhaust for 4 years, Gillespie demonstrated that
not only did this exposure cause deleterious
changes in the pulmonary function, but the pul-
monary function continued to deterioriate for at
least 2 years following the termination of the
exposure (23). Chronic animal studies which ad-
dress the pulmonary response to the inhalation of
such air pollutants are time consuming, difficult
and expensive. Information about the effect of
such exposures is obviously impossible to derive
from human experimentation. The need for such
data in standards setting is acute, and there is
evidence that such research would be fruitful.
Additional models of human pulmonary dis-
ease should be developed for use in environmen-
tal research. Long-term exposures need to be
done. Studies which might lead to development of
chronic lung disease should be undertaken. The
effects ofpollutant exposure on the newborn and
young should be studied. Are such effects revers-
ible? That is, would developmental changes be
produced, and would such changes be reversed
given a period of time for recovery and growth?
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Does infection affect the sensitivity ofanimals to
air pollutants? Information already exists which
demonstrates that childhood pulmonary infec-
tions are associated with a reduction oflung func-
tion in later years (24). Is there any association to
exposure to air pollutants?
The development ofmodels to extrapolate from
animal research to man is necessary ifwe want to
use animal data for standard setting. Doespulmo-
nary function change in a consistent manner as
body mass progresses from small to large ani-
mals? Lungvolumes, diffusing capacity and other
physiologic and morphologic measurements seem
to change in predictable ways (25-28). Ideally,
changes in pulmonary function which might oc-
cur in small animals as a consequence ofexposure
to environmental pollutants should be inter-
preted with respect to parallel changes which
might occur in man following similar exposures.
Information on the scaling ofpulmonary function
from small animals to man needs to be expanded
to develop the data base for extrapolation model-
ing.
Probably the most important aspect of animal
research is to describe the mechanisms ofchange
in pulmonary function, morphology, biochemis-
try, or immunology following exposure to air pol-
lutants. For example, one effect ofozone that has
been measured in humans is the phenomenon
termed "adaptation." Following sequential daily
exposures to ozone, the human response is
changed each day until little response is detected.
Is the need for strict controls on ozone exposure
minimized since humans apparently adapt, or is
this diminished response to ozone actually the
result of damage to the airway surface which
diminishes the ability ofindividuals to respond to
subsequent ozone exposure? Measurement of ef-
fects (i.e., dose response) provides useful data, is
relatively easy to derive, and has been useful to
the standards setters in terms ofregulating expo-
sure. However, a regulatory decision should be
based on a thorough understanding ofthe mecha-
nism ofsuch a response. In this context, the most
important use of animal research is to provide
information that will help the scientific commu-
nity and the regulators to understand why pollu-
tants cause responses, not merely the magnitude
ofthe responses.
The process of setting health standards re-
quires rigorous, scientifically sound data that re-
lates to man's interaction with his environment.
Tests ofpulmonary function are especially useful,
since they may permit some direct comparison
between animals and man. Research on scaling of
pulmonary function, extrapolation modeling, and
tissue sensitivity is anurgent need ifcomparisons
are to be made between animal research and
man. Workon makingstructure-function compar-
isons with, for example, pulmonary function tests
and morphometric measurements is needed to
document the functional consequences ofanatom-
ical changes. Thedevelopment ofteststo measure
pulmonary function in small animals has been
important and research into the health effects of
air pollution may be greatly strengthened with
the use ofdata from such measurements.
This paper has been reviewed by the Health Effects Re-
search Laboratory, U.S. Environmental Protection Agency,
and approved for publication. Mention of trade names or
commercial products does not constitute endorsement.
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